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Description 

[0001 ] The invention pertains generally to apparatuses and methods for treating a substrate with a fluid, i.e., a liquid 
or a gas. 

5 [0002] In the fabrication of a variety of devices such as, for example, printed circuit boards, various fluid treatments 
• are applied to corresponding substrates, including rinsing, drying, chemical etching and electrolytic processing. These 
fluid treatments have been carried out using dip tanks and various configurations of spray nozzles and fluid jet injectors. 
[0003] Dip tanks, while useful, are disadvantageous because they require an undesirably large amount of time for 
mounting and unmounting substrates to and from racks or baskets which are submerged within the dip tanks. In addi- 

10 tion, mass transfer within a dip tank is typically effected via diffusion, which is often too slow a process to be economic. 
For example, when used for substrate rinsing, a dip tank quickly becomes heavily laden with the material to be removed 
from a substrate, which reduces the diffusion rate within the dip tank and thereby slows rinsing. In fact, dip tanks often 
become so heavily laden with removed material that further rinsing becomes impossible. 

[0004] Spray nozzles are disadvantageous because, among other reasons, they serve to atomize a fluid, resulting 

is in the evaporation of the fluid. As a consequence, undesirable chemical emissions are exacerbated and re-use of the 
fluid is precluded, both of which are uneconomic. In addition, because the sprays produced by spray nozzles typically 
fail to achieve fluid bearing action on the substrates being processed, these substrates must be transported to and from 
the sprays by rollers and guides positioned between the spray nozzles and the substrates. However, the presence of 
these rollers and guides is undesirable because, among other reasons, they produce nonuniformities in the spray action 

20 which results in, for example, nonuniform rinsing and etching. Moreover, because sprays quickly lose momentum, they 
often fail to achieve efficient fluid treatment of specific substrate areas, which limits processing rate and throughput. For 
example, sprays are often inefficient or ineffective in rinsing or drying specific substrate areas, such as the interiors of 
holes in substrates, because whatever fluid reaches such areas tends to be retained on or in these areas (a phenome- 
non called dragout), with relatively little fresh fluid reaching these areas. Moreover, sprays often re-deposit or re-posi- 

25 tion, rather than remove, debris on the substrate, which then requires the use of additional sprays. Consequently, the 
use of sprays often requires the use of an undesirably large amount of processing area, which is also uneconomic. 
While attempts have been made to orient sprays to achieve directionality and thereby overcome some of the above- 
mentioned disadvantages, these attempts have typically been accompanied by a torque being imposed upon the sub- 
trate by the directed spray. This results in instabilities in the motion of the substrate, often causing jamming of the sub- 

30 strate in the corresponding processing equipment, resulting in damage to the substrate or equipment, which is 
undesirable and counterproductive. 

[0005] The use of fluid jets in the fluid treatment of substrates is potentially advantageous because fluid jets exhibit 
directionality and therefore, in principle, are capable of overcoming the disadvantages of sprays. However, previous 
configurations of fluid jets have failed to overcome the problem of dragout, particularly in the case of substrates with 
35 holes. Moreover, these previous fluid jet configurations have also imposed torques on substrates, resulting in undesir- 
able and counterproductive instabilities in the motions of substrates. 

[0006] Thus, those engaged in the development of fluid treatment apparatuses and methods have long sought, thus 
far without success, fluid jet configurations which: (1) overcome the problem of dragout, particularly in the case of sub- 
strates with holes; (2) avoid imposing torques on substrates; and (3) substantially reduce the need for rollers and guides 
40 for transporting substrates, thereby substantially reducing the interference caused by such rollers and guides. 

[0007] WO-A-8 910 048 discloses apparatus for treating substrates with fluids, comprising treatment chambers 
arranged in series. 

[0008] The invention involves a fluid treatment apparatus, and corresponding fluid treatment method, which sub- 
stantially overcomes the problem of dragout, which avoids imposing torques on substrates and substantially reduces 
45 the need for rollers and guides for transporting substrates. In one embodiment of the inventive apparatus, at least one 
row of fluid jet injectors penetrates a surface of the apparatus, over which a substrate to be processed is transported 
via rollers positioned at the entrance edge and exit edge of the apparatus surface. The substrate is transported in a 
direction which is substantially parallel to an axis associated with the apparatus surface, extending from the entrance 
edge to the exit edge, and the row of fluid jet injectors is aligned transversely to this axis. During its transport, the sub- 
so strate is positioned close enough to the apparatus surface so that the fluid jets emitted by the fluid jet injectors become 
immersed in a layer of spent fluid covering the surface, and therefore the emitted fluid jets constitute submerged fluid 
jets. Significantly, the row of fluid jet injectors is positioned closer to the entrance edge of the apparatus surface than to 
the exit edge. As a result, the resistance to fluid f bw toward the exit edge, through the relatively long portion of the layer 
of spent fluid, is greater than the resistance to fluid flow toward the entrance edge, through the relatively short portion 
55 of the layer of spent fluid. Consequently, after the fluid jets emitted by the fluid jet injectors impinge upon the substrate, 
more than half the fluid associated with the fluid jets flows countercurrently toward the entrance edge, where it is vented 
via, for example, drain holes in the apparatus surface. Thus, dragout is substantially eliminated because fluid impinged 
upon the substrate is more readily removed after impingement, allowing fresh fluid to reach the substrate. In addition, 
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the countercurrent flow prevents removed debris from being re-deposited or re-positioned on any portion of the sub- 
strate which has been impinged upon by the fluid jets. Moreover, the spent fluid layer and submerged fluid jets achieve 
a fluid bearing action on the substrate, reducing the need for rollers and guides, other than the rollers at the entrance 
edge and exit edge of the apparatus surface. 

5 [0009] It must be noted that the substantial elimination of dragout via the invention enables the inventive fluid treat- 
ment apparatus to fluid treat substrates more efficiently than was previously possible. Thus, for example, the length of 
the inventive apparatus can now be much shorter than was previously possible, which is highly advantageous. 
[0010] To avoid a torque on a substrate which might be imposed by the use of one row of fluid jets, the apparatus 
preferably includes two surfaces, with each containing one or more rows of fluid jet injectors, between which a substrate 

io to be processed is transported. Here, the fluid jets which impinge upon the upper and lower surfaces of the substrate 
substantially balance each other, thereby substantially eliminating torques. 

[0011] In another embodiment of the invention, intended to even more completely eliminate dragout in substrates 
with holes, the apparatus again includes two surfaces, with each surface containing one or more rows of fluid jet injec- 
tors, between which a substrate is to be transported. Each row of fluid jet injectors on one surface is aligned with a cor- 

is responding row of fluid jet injectors on the other surface. However, the fluid jet injectors of a row on one surface are 
offset relative to the fluid jet injectors of the corresponding row on the other surface so that if one were to project the 
former fluid jet injectors onto the latter surface, the former fluid jet injectors would be interdigitated with the latter fluid 
jet injectors. This interdigrtation of the fluid jet injectors ensures that the fluid jets which penetrate the holes in the sub- 
strate are unopposed by counteracting fluid jets. 

20 [001 2] In yet another embodiment of the invention, the above-described countercurrent flow is achieved by provid- 
ing at least two rows of fluid jet injectors on an apparatus surface over which a substrate is to be transported. Signifi- 
cantly, at least the second row of fluid jet injectors is inclined toward the entrance edge of the surface. As a result, the 
fluid jets emanating from the second row of fluid jet injectors induce more than half the fluid associated with the fluid 
jets emanating from the first row of fluid jet injectors to flow toward the entrance edge of the apparatus surface, after 

25 impingement upon the substrate. 

Brief Description of the Drawing(s) 

[0013] The invention is described with reference to the accompanying drawings, wherein: 

30 

Fig. 1 is an isometric view of the apparatus; 
Fig. 2 is an end view of the apparatus shown in Fig. 1 ; 
35 Fig. 3 is a top view of the apparatus shown in Fig. 1 ; 

Fig. 4 is a top view of a second apparatus; Fig. 5 is a front view of the second apparatus of Fig. 4; 
Fig. 6 is an isometric view of a third apparatus; 

40 

Fig. 7 is an end view of the apparatus shown in Fig. 6; 
Fig. 8 is a top view of the apparatus shown in Fig. 6; 
45 Fig. 9 is a front view of the apparatus shown in Fig. 6; and 

Figs. 10 and 1 1 are isometric views of two embodiments of the inventive fluid treatment system. 
Detailed Description of the Preferred Embodiment(s) 

50 

[0014] The invention involves a fluid treatment apparatus, and a corresponding fluid treatment method, which sub- 
stantially overcomes the problem of dragout, which avoids imposing torques on substrates and substantially reduces 
the need for rollers and guides for transporting substrates. These goals are achieved, in accordance with the invention, 
by employing a new configuration of fluid jet injectors in the inventive apparatus, producing a new configuration of fluid 
55 jets which impinge upon substrates undergoing fluid treatment, as more fully described below. 

[0015] With reference to Figs. 1 and 2, a first fluid treatment apparatus 10 includes at least one plenum housing 20 
made, for example, of stainless steel, which contains a plenum chamber 30 into which a fluid is fed under pressure via 
a feed tube 40. The plenum housing 20 is topped by a connected injector plate 50 made, for example, of aluminum. Sig- 
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nificantly, at least one row 60 of at least two, spaced-apart, drilled holes extends from the plenum chamber 30 to the 
surface 52 of the injector plate 50. which holes serve as fluid jet injectors. 

[0016] As shown more clearly in Fig. 1 , the apparatus 10 also includes rollers 80 and 90 which serve to transport a 
substrate 100, e.g., a printed circuit board substrate, at a distance, H, from the surface 52, from an entrance edge 54 

5 to an exit edge 56 of the surface 52. This transport of the substrate 100 occurs along a direction which is substantially 
parallel to an imaginary axis 1 10 associated with the surface 52, which axis is oriented transversely to the entrance and 
exit edges 54 and 56, and extends from the entrance edge 54 to the exit edge 56, and beyond. 
[001 7] While not shown in Figs. 1 or 2, the apparatus 1 0 preferably also includes side walls in flush contact with the 
flat end faces of the plenum housing 20, which side walls serve to confine the fluid emitted by the fluid jet injectors. 

io [0018] With reference now to Fig. 3, the at least one row 60 of fluid jet injectors includes the fluid jet injectors 60-1 , 
60-2, 60-3, etc.. with the row 60 being inclined transversely to the imaginary axis 110. Preferably, each of the fluid jet 
injectors is of equal diameter, D, which ranges from about 125 nm (about 5 mils (0.005 inches)) to about 6.25 x 10 3 jim 
(about 250 mils (0.25 inches)). Fluid jet injectors having diameters smaller than about 125 jim (about 5 mils) are unde- 
sirable because they are difficult to fabricate. On the other hand, fluid jet injectors having diameters greater than about 

is 6.25 x 1 0 3 (about 250 mils) are undesirable because they require an undesirably large amount of pump pressure to pro- 
duce fluid jets. 

[0019] With reference to Fig. 2, the drilled holes which constitute the fluid jet injectors are preferably all of equal 
length, L In this regard, the ratio LTD preferably ranges from about 0.5 to about 40. Ratios less than about 0.5 are unde- 
sirable because they resutt in poorly developed fluid jets. Ratios greater than about 40 are undesirable because the cor- 
se responding fluid jet injectors are difficult to fabricate and require an undesirably large amount of pump energy to achieve 
a useful flow rate. 

[0020] With reference once again to Fig. 3, the fluid jet injectors are preferably equidistantly spaced, with the 
center-to-center spacing between adjacent fluid jet injectors being denoted by S. The ratio S/D is necessarily greater 
than one (a ratio S/D=1 implies the fluid jet injectors are touching) but is preferably equal to or less than about 20. Ratios 
25 greater than about 20 are undesirable because after the corresponding fluid jets impinge upon the substrate 1 00, it has 
been found that the resulting fluid flows separate from the surface of the substrate 1 00 and form a region of recirculating 
fluid, which permits undesirable re-deposition of debris or spent fluid. 

[0021 ] Wrth reference to Fig. 1 , as noted above, the fluid jets injected by the fluid jet injectors are to be submerged 
fluid jets, i.e., the fluid jets are to be injected into a layer of spent fluid covering the surface 52 and substantially filling 

30 the space between the surface 52 and the substrate 100. Such submerged fluid jets are achieved, by bringing the sub- 
strate 100 into proximity with the surface 52 so that the ratio H/D ranges from about 0.2 to about 1 5. Ratios smaller than 
about 0.2 are undesirable because the substrate 100 is then so close to the surface 52 that the substrate is likely to 
become jammed against the surface 52. On the other hand, ratios greater than about 1 5 are undesirable because the 
substrate 1 00 is then so far from the fluid jet injectors that the corresponding fluid jets lose an undesirably large amount 

35 of momentum before impinging upon the substrate 1 00. 

[0022] It should be noted that the spent fluid layer and fluid jets achieve a fluid bearing action on the subsrate 1 00. 
As a consequence, the need for rollers and guides between the entrance edge 54 and the exit edge 56 for transporting 
the substrate 100 is eliminated. 

[0023] Because the fluid jet injectors are preferably all of equal diameter, D, and are all connected to the same ple- 
40 num chamber 30, the fluid supplied to each of the fluid jet injectors is necessarily the same, and the speed of the fluid 
jets emanating from the fluid jet injectors is necessarily also the same. If the kinematic viscosity of the supplied fluid is 
denoted by nu and the speed of the fluid jets at the fluid jet injectors is denoted by V, then the Reynolds number asso- 
ciated with each of the fluid jets, defined as the ratio V*D/nu, preferably ranges from about 50 to about 30,000. Reynolds 
numbers less than about 50 are undesirable because the corresponding fluid jets have undesirably small momenta. On 
45 the other hand, Reynolds numbers greater than about 30,000 are undesirable because the achievement of such high 
Reynolds numbers requires undesirably high plenum pressures. 

[0024] In accordance with the invention, and as noted above, the row 60 of fluid jet injectors is positioned closer to 
the entrance edge 54 (see Fig. 3) of the surface 52 than the exit edge 56. As a result, in the operation of the apparatus 
10. the resistance to fluid flow from the row 60 toward the exit edge 56, through the relatively long portion of the layer 

so of spent fluid covering the surface 52. is relatively high. By contrast, the resistance to fluid flow from the row 60 toward 
the entrance edge 54. through the relatively short portion of the layer of spent fluid covering the surface 52. is relatively 
low. Consequently, after the fluid jets emitted by the row 60 of fluid jet injectors impinge upon the substrate 100, more 
than half the fluid associated with the fluid jets flows counter- currently toward the entrance edge 54. Thus, undesirable 
d ragout and re-positioning of debris is substantially reduced or eliminated. 

55 [0025] Although not shown in the drawings, the injector plate 50 preferably includes a row of drain holes positioned 
adjacent the entrance edge 54, aligned transversely to the imaginary axis 110. These drain holes permit ready venting 
of the above-described countercurrently flowing fluid. Moreover, if a pump is used to pump fluid out of the drain holes, 
then the countercurrent flow is enhanced. 
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[0026] Preferably, although not shown in the drawings, the injector plate 50 also includes a row of drain holes posi- 
tioned adjacent the exit edge 56, aligned transversely to the imaginary axis 110. These additional drain holes serve to 
vent the relatively small amount of fluid which flows toward the exit edge. 

[0027] As shown in Figs. 2 and 3, the first apparatus 10 preferably includes a second row 70 of fluid jet injectors, 
5 penetrating the surface 52, aligned transversely to the imaginary axis 110. Significantly, this second row 70 of fluid jet 
injectors, which includes fluid jet injectors 70-1 , 70-2, 70-3, etc., is positioned between the row 60 of fluid jet injectors 
and the exit edge 56, and is preferably equidistant! y positioned between the entrance edge 54 and the exit edge 56. By 
virtue of the presence of the fluid jets emitted by the second row 70, the above-described courrtercurrent flow associ- 
ated with the fluid emitted by the first row 60 is enhanced. 
io [0028] To avoid imposing a torque on the substrate 1 00, and as depicted in Figs. 1 and 2, the apparatus 1 0 prefer- 
ably includes a second plenum housing 120, containing a plenum chamber 130 into which fluid is fed under pressure 
via a feed tube 140. An injector plate 150 is mounted on the plenum housing 120, with rows 160 and 170 of fluid jet 
injectors extending from the plenum chamber 130 to the surface 152 of the injector plate 150. The fluid jets emitted by 
the rows 160 and 170, which impinge upon the upper surface of the substrate 100, serve to counterbalance the fluid 
is jets emitted by the rows 60 and 70, which impinge upon the lower surface of the substrate 100. As a result, undesirable 
torques on the substrate 100 are avoided. 

[0029] With reference now to Figs. 1 ,4 and 5, the apparatus 1 0 is generally similar to the first apparatus. This sec- 
ond apparatus definitely includes both the plenum housing 20 and the plenum housing 120. and the surfaces 52 and 
152 define a channel having an entrance adjacent the entrance edges 54 and 154 and an exit adjacent the exit edges 
20 56 and 1 56. This channel is characterized by an axis which is oriented transversely to the entrance and exit edges 
54,154,56 and 156, and extends from the entrance of the channel to the exit of the channel. 

[0030] In connection with the second apparatus, the substrate 100 is transported via rollers 80 and 90 through the 
above-defined channel in a direction which is substantially parallel to the channel axis. This transport occurs at a dis- 
tance, H1, above the surface 52 and at a distance, H2, below the surface 152. The distances H1 and H2 need not be 
25 the same. 

[0031] As shown in Figs. 4 and 5, the second apparatus includes at least one row 60, and preferably two rows 60 
and 70, of fluid jet injectors penetrating the surface 52. The fluid jet injectors of the rows 60 and 70 are of equal diam- 
eter, D1, and the fluid jets which they emit exit the fluid jet injectors with fluid speed V1. The fluid in these fluid jets is 
characterized by a kinematic viscosity nu1. Preferably, the row 60 is positioned closer to the entrance edge 54 than to 

30 the exit edge 56, for the reason discussed above. 

[0032] The second apparatus also includes at least one row 160, and preferably two rows 1 60 and 1 70, of fluid jet 
injectors penetrating the surface 152. The fluid jet injectors of the rows 160 and 170 are of equal diameter D2, and the 
fluid jets which they emit exit the fluid jet injectors with fluid speed V2. The fluid in these fluid jets is characterized by a 
kinematic viscosity nu2. The diameter D2 is not necessarily equal to the diameter D1 , the kinematic viscosity nu2 is not 

35 necessarily equal to the kinematic viscosity nu1 , and the fluid speed V2 is not necessarily equal to the fluid speed V1 . 
[0033] In the second apparatus, like the first apparatus, the ratios H1/D1, H2/D2, V1*D1/nu1 and V2*D2/nu2 fall 
within the ranges given above, for the reasons given above. 

[0034] As shown more clearly in Fig. 4, the second apparatus differs from the first apparatus in that the row 1 60 is 
shifted relative to the row 60 so that if the row 1 60 were to be projected onto the surface 52 (as depicted in Fig. 4), the 

40 fluid jet injectors of the row 1 60 would be interdigitated with the fluid jet injectors of the row 60. The row 170 is similarly 
shifted relative to the row 70. The purpose of these shifts is to ensure that fluid jets which penetrate holes in the sub- 
strate 100 are unopposed by counteracting fluid jets, which substantially eliminates dragout in such holes. 
[0035] The amount of the above-described shift, denoted Sy. is chosen so that the ratio Sy/S is greater than 0 but 
less than 1 . Ratios equal to 0 and 1 imply an absence of interdigitation. 

45 [0036] It should be noted that the second apparatus has been found to be particularly useful in rinsing substrates 
having holes. 

[0037] With reference now to Figs. 6,7,8 and 9, a third apparatus of the apparatus is generally similar to the f irst and 
second apparatuses and is characterized by a coordinate system x.y.z, as pictured in Fig. 6. As shown, the x-axis is 
parallel to the axis 110 associated with the surface 52, here referred to as the transport axis. The y-axis lies in a least- 
50 squares-fit planar approximation to the surface 52 and is perpendicular to the x-axis. The z-axis is perpendicular to both 
the x-axis and the y-axis. 

[0038] The third apparatus differs from the second apparatus in that each of the fluid jet injectors in row 70 is 
inclined toward the entrance edge 54. Moreover, each of these fluid jet injectors forms an angle, theta, with the z- axis, 
as measured in the counterclockwise direction in a plane defined by the z-axis and x-axis, which is greater than 0 
55 degrees but less than 90 degrees. Such an inclination, and range of angles, theta. enhance the courrtercurrent flow 
associated with the fluid emitted by the fluid jet injectors in the row 60, discussed above. 

[0039] Preferably, the fluid jet injectors in the row 70 are also inclined toward the y-axis. Moreover, each such 
inclined fluid jet injector forms an angle, phi, with the z- axis, as measured in the clockwise direction in a plane defined 
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by the z-axis and the y-axis, which is greater than 0 degrees but less than 90 degrees. This y-axis inclination is advan- 
tageous because it induces the fluid emitted by the fluid jet injectors in the row 60, after impingement upon the substrate 
100. to flow laterally in the direction of the y-axis, which also serves to eliminate dragout 

[0040] As shown in Figs. 7 and 8, the third apparatus also includes a row 72 of fluid jet injectors penetrating the sur- 
5 face 52. This third row is advantageous because the corresponding fluid jets serve to stabilize the motions of sub- 
strates, particularly relatively thin substrates. 

[0041] As also shown in Figs. 7 and 8, the surface 54 is penetrated by rows 160. 170 and 172 of fluid jet injectors, 
which mirror the rows 60, 70 and 72 penetrating the surface 52. 

[0042] It should be noted that the third apparatus has been found to be particularly advantageous in drying sub- 
10 strates with holes. 

[0043] Significantly, the apparatus, described above, has made it possible to create a new fluid treatment system in 
which a substrate, e.g., a ceramic substrate, undergoes two or more different but continuous fluid treatments, i.e., the 
different fluid treatments are applied sequentially but with no interruption between fluid treatments. A preferred fluid 
treatment apparatus, which achieves such continuous operation, as well as the corresponding fluid treatment process, 
is is described below. 

[0044] As depicted in Fig. 10, the inventive apparatus 200 includes at least two fluid treatment compartments 300 
and 500, with fluid treatment compartment 500 being immediately adjacent to fluid treatment compartment 300. In prin- 
ciple, the inventive system 200 may include almost any number of fluid treatment compartments, with each successive 
compartment being immediately adjacent to the preceding compartment. 

20 [0045] As shown in Fig. 1 0. the fluid treatment compartment 300,which is typical of all the fluid treatment compart- 
ments of the system 200, includes at least one, and preferably two or more, substantially parallel, longitudinal channels 
310. which receive substrates 100. The fluid treatment compartment 500 includes similar such longitudinal channels, 
which are aligned with the channels 310. Thus, in the operation of the system 200, when a substrate 100 is inserted 
into a channel 310, it unergoes fluid treatment with a first fluid within the compartment 300. When this first fluid treat- 

25 ment is completed, another substrate is inserted into the same channel 310, and this act of insertion serves to push the 
previously processed substrate into the succeeding, aligned channel in the fluid treatment compartment 500, where this 
substrate is treated with a second fluid. 

[0046] Preferably, the substrates to be fluid treated are mounted, and linearly aligned, in a holder positioned adja- 
cent the entrance to a channel 310. By using a push rod to push against the substrate furthest from the entrance, the 
30 substrate closest to the entrance is readily inserted into the channel 31 0. By again using a push rod to push against the 
substrate furthest from the entrance, another substrate is inserted into the channel 310 and the substrate already in the 
channel 310 is thereby pushed into the succeeding channel in the compartment 500, without any of these substrates 
being touched, and thereby contaminated, by human hands. 

[0047] To ensure that each substrate 100 moves in a direction which is substantially parallel to a longitudinal axis 

35 320 of the corresponding channel, each channel 310 is provided with a pair of substantially parallel, longitudinal guides 
330. These guides 330 are in the form of two opposed, right- angle steps formed in two opposed walls of the channel. 
The vertical sidewalls of the right-angle steps, which are substantially parallel to each other, prevent a substrate 100 
from undergoing lateral displacements from the intended path as the substrate moves through the channel. The hori- 
zontal walls of the right-angle steps serve to support the substrate as the substrate moves through the channel. How- 

40 ever, by virtue of the fluid bearing action on the substrate 1 00, described below, there is essentially no f rictional contact 
between the substrate and the horizontal and vertical walls of the guides 330. As a consequence, the horizontal and 
vertical walls experience essentially no wear, and the creation of undesirable particulate contaminants is avoided. 
[0048] In general, the fluid employed in any fluid treatment compartment is different from that employed in an adja- 
cent fluid treatment compartment. To prevent undesirable intermingling of the different fluids, intermingling- prevention 

45 apparatus is provided adjacent the entrance and exit of each channel 310. This apparatus, which produces a so-called 
air knife adjacent the entrance and exit of each channel 310, includes at least four rows 340 of air jet injectors. Each 
such air jet injector is vertically oriented, each row of air jet injectors includes at least two, spaced-apart air jet injectors 
and each such row is aligned transversely to the corresponding longitudinal axis 320. The first of the rows 340 of air jet 
injectors is formed in a lower surface 350 of the channel 310, adjacent the entrance to the channel, while a second of 

so these rows is formed in the same lower surface 350, adjacent the exit of the channel 310. The third and fourth of these 
rows 340 of air jet injectors are formed in an upper surface 360 of the channel 310, as mirror images of the first and 
second rows. The air supplied to the air jet injectors formed in the upper surface 360 is communicated via air inlets 370 
and air manifolds 375 provided at or near the top of each fluid treatment compartment. Similar such air inlets and air 
manifolds (not shown in Fig. 10) provided at or near the bottom of each fluid treatment compartment, supply air to the 

55 fluid jet injectors formed in the lower surface 350. Standpipes 380, which extend through holes in both the top and bot- 
tom of each fluid treatment compartment, serve to exhaust the air associated with the air jets produced by the air jet 
injectors. 

[0049] As with the fluid jet injectors described above, the air jet injectors preferably have diameters, D, ranging from 
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about 125 um (about 5 mils (0.005 inches)) to about 6.25 x 10 3 nm (250 mils (0.25 inches)). Diameters outside this 
range are undesirable for the reasons given above. 

[0050] The Reynolds numbers associated with the air jets emitted by the air jet injectors preferably range from 
about 50 to about 30,000. Reynolds numbers outside this range are undesirable for the reasons given above. 

s [0051] In the operation of the intermingling-prevention apparatus, the rows 340 of air jet injectors produce rows of 
vertically oriented air jets which create a wall of air between adjacent fluid treatment compartments, preventing inter- 
mingling of the different fluids used in the adjacent fluid treatment compartments. Fluids, e.g., gases, other than air are 
also useful for the purpose of preventing intermingling of the different fluids.lt should be noted that the air jets produce 
a fluid bearing action on the substrate areas impinged by the air jets. 

10 [0052] Preferably, fluid treatment within each fluid treatment compartment of the system 200 is achieved by employ- 
ing any one of the configurations of fluid jet injectors depicted in Figs. 2-5 and 7-9. That is, as shown in Fig. 10, each of 
the lower and upper surfaces 350 and 360 of each channel 310 of each fluid treatment compartment includes at least 
one row 390 of at least two, spaced-apart fluid jet injectors aligned transversely to the corresponding longitudinal axis 
320. As before, each row 390 of fluid jet injectors is positioned closer to the entrance edge, than to the exit edge, of the 

is conesponding surface to produce the countercurrent effect described above. Additional rows 400 and 410 of fluid jet 
injectors may also be provided, as shown in Fig. 10, to enhance the countercurrent effect. All of these rows of fluid jet 
injectors are supplied with fluid via fluid inlets 415 and fluid manifolds 417, at the top and bottom of the compartment 
300. The dimensions of, and spacing between, the fluid jet injectors, as well as the corresponding Reynolds numbers, 
are as described above. In addition, the distances H1 and H2 between a substrate undergoing fluid treatment and, 

20 respectively, the surfaces 350 and 360 are also as described above. Consequently, the fluid jets emitted by the fluid jet 
injectors also achieve a fluid bearing action on the substrate undergoing fluid treatment, in addition to the countercur- 
rent effect. Thus, as noted above, frictional contact between the substrate and the horizontal and vertical walls of the 
guides 330 is avoided. 

[0053] As depicted in Fig. 10, each fluid treatment compartment includes drains 420 and 430 in the lower surface 

25 350, adjacent the entrance and exit of the compartment, to drain the fluid associated with the fluid jets emitted by the 
fluid jet injectors penetrating the surface 350. The standpipes penetrating the lower surface also serve this purpose. 
However, a substrate undergoing fluid treatment will necessarily be positioned between the fluid jets emitted by the fluid 
jet injectors penetrating the upper surface 360 and the drains 420 and 430, thereby blocking access to these drains. 
Consequently, side drain slots 440 and 450 are also provided to drain the fluid associated with the fluid jets emitted by 

30 the fluid jet injectors penetrating the surface 360. 

[0054] With reference now to Fig. 1 1 , which depicts the fluid treatment apparatus 200 as including three fluid treat- 
ment compartments 300, 500 and 700, it should be noted that the orientation of the last fluid treatment compartment 
(i.e., the fluid treatment compartment 700) is preferably reversed, relative to that of the preceding compartments. That 
is, what would otherwise be the exit of the fluid treatment compartment 700 is positioned immediately adjacent to the 

35 exit of the fluid treatment compartment 500. Consequently, when a fluid, such as air, is supplied to the fluid jet injectors 
of the fluid treatment compartment 700, the fluid associated with the fluid jets produced by these fluid jet injectors flows 
concurrently ( in the direction of motion of the substrate 100), rather than countercurrently, which serves to expel a sub- 
strate 100 in the compartment 700. In addition, the standpipes of the compartment 700 closest to the compartment 500 
are blocked off, as shown in Fig. 1 1 , and therefore these standpipes do not serve to exhaust the air associated with the 

40 air knife closest to the compartment 500. Rather, this air necessarily flows into the compartment 500 and is exhausted 
through the standpipes of compartment 500. Significantly, this flow of air from compartment 700 into compartment 500 
serves as a brake on the forward motion of a substrate from compartment 500 into compartment 700. Thus, compart- 
ment 700 prevents unwanted ejections of substrates from the system 200, while also serving to eject substrates which 
have been intentionally inserted ( via the push rod) into compartment 700. 

45 [0055] In the preferred embodiments of the fluid treatment system 200, described above, it has been assumed that 
all of the fluid treatment compartments employ fluid jets. However, embodiments which include one or more compart- 
ments employing, for example, fluid sprays are also useful. 

[0056] It should be noted that the fluid treatment system 200 can, for example, be made mobile by mounting the 
system on a cart, which can then be rolled to any desired location along a processing line to achieve in-situ fluid treat- 
so ment of a substrate. Alternatively, the fluid treatment system 200 can be incorporated in-line into a processing line. 
[0057] While the invention has been particularly shown and described with reference to preferred embodiments 
thereof, it will be understood by those skilled in the art that various changes in form and details may be made therein 
without departing from the scope of the invention. 

55 Example 1 

[0058] Rinsing of circuit boards was compared using a standard spray rinse vs. the invention apparatus. The com- 
parison looked at conveyor length used for rinsing, electricity usage, flow rate of rinse water used, and resultant ionic 
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contamination on the circuit boards. For both parts of the experiment, one or two DSM (double spray modules), hori- 
zontally conveyorized wet processing equipment built by Chemcut in State College, Pennsylvania, were used in a coun- 
ter-current rinse configuration. For the standard spray rinsing tests, two modules were used in series, with the spent 
waste water of the second module cascading to the first module and then to waste treatment. Each module had solid 
5 cylindrical "squeegee" type rollers at its entrance and exit and had its own pump supplying the sprays. For the rinsing 
tests, a single module was fitted with four pairs of the apparatus having the preferred embodiment for rinsing as shown 
in Figures 4 and 5. 

[0059] Each apparatus pair for the rinsing embodiment was characterized by two surfaces with an an entrance-to- 
exit length of 2.87 x 10~ 2 m (1 .13"). Two rows, each containing 327 7.62 x 10" 4 m (0.030") dia. injectors, were placed in 

10 both the upper and lower surfaces at distances from the entrance edge of the device of, respectively, 1.08 x 10" 2 m 
(0.425") and 1 .76 x 10" 2 m (0.692"). The injectors were made by drilling holes through 1 .27 x 10" 2 m (0.5") thick poly- 
carbonate plastic. Center-to-center spacing of the 7.62 x 10" 4 m (0.030") dia. injector holes within each of the four rows 
was 2.29 x 1 0" 3 m (0.090"). The injectors in the first and second rows in the upper surface were positioned so that their 
projection onto the lower surface was centered between the injectors in the first and second rows in the lower surface, 

is respectively. The y-position of the injectors in the second row in each surface was offset from the y-position of the injec- 
tors in the respective adjacent first row by 1 .73 x 1 0' 3 m (0.068"). A 1 0 degree beveling of the first 4.06 x 1 0" 3 m (0. 1 6") 
of the upper and lower surfaces served as a guide for the substrates. Two rows of drain holes were included with diam- 
eters of 3.63 x 1 0' 3 m (0. 1 43") and spaced center-to- center within a row 4.88 x 1 0" 3 m (0. 1 92") apart were placed with 
centers spaced 5.59 x 10* 3 m (0.220") and 5.61 x 10* 3 m (0.221") from the entrance and exit edges, respectively. The 

20 distance, H1 , of the lower surface from the bottom of the substrate was 2.54 x 10' 3 m (0.10") and the distance, H2, of 
the upper surface of the device from the top of the substrate was 6.35 x 10 3 m (0.25"). The rinsing fluid, water, having 
a viscosity, nu, of 0.01 cm**2/sec, was passed through each of the injectors with a velocity V of 302 cm/sec, giving a 
Reynolds number, Re, of about 2300. Each apparatus pair had at its entrance and exit side a pair of solid cylindrical 
"squeegee" conveyor rollers and was provided with a pump and sump. The water was re-circulated from each respec- 

25 tive sump to the respective apparatus, after which the water would fall back into the sump. At the same time, incoming 
water caused the sump water to cascade continuously to the stage preceding and finally to waste treatment. By "stage 
preceding", it is meant the stage through which the circuit board would travel immediately prior to the current stage. The 
water cascaded from stage to stage in the opposite direction to the direction of circuit board travel. This arrangement of 
water cascade direction relative to product travel direction, is known as "counter-current rinsing" in the art, is the most 

30 efficient in terms of both overall water usage and cleanliness of the final rinse, and was used in both the spray and 
invention apparatus tests. 

[0060] Each run consisted of ten circuit boards measuring 0.254 x 0.381 x 0.0015 m (10 x 15 x 0.060 inches) and 
having a mixture of 1.27x1 0" 3 m (0.050 inch) and 4.57 x 1 0" 4 m (0.01 8 inch) diameter holes. There were copper traces 
on epoxy dielectric on the surface. The circuit boards were run at 120 inches per minute through a microetch chamber, 
35 followed by the rinse, and air dried. The microetch consisted of approx. 40 g/l sodium persulfate and 40 g/l sulfuric acid 
dissolved in water. Resultant contamination was measured using an Omega ionograph meter which had been cali- 
brated to give conductivity readings in equivalent NaCI contamination in micrograms/square inch of circuit board. Water 
usage was measured with a float-type see-through flowmeter, and power usage was determined with a hand-held cur- 
rent meter. 

40 


45 


50 
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Results: 
[0061] 

Fluid Water Ionic Conveyor Electrical 

Delivery usage contamination length Usage Device 

gal/min on product feet Kilowatts 

micro g/sq.in. 
(NaCl equivalent) 

Spray 

« (2-stage) 5 1.4 4 2.7 

Invention Apparatus 

(4-stage) 1 1.7 2 1.6 

20 


10 


[0062] As can be seen from the data, the invention showed an essentially equivalent contamination level while 
using 40% less electricity (four smaller pumps feeding the apparatuses of the invention used less electricity than the 
25 two larger pumps feeding the sprays) and generating 80% less water waste by volume, all in 50% less conveyor space 
than the standard spray system. As far as water usage is concerned, let it be noted that theoretically a four-stage spray 
rinse could use just as small an amount of water as a four-stage rinse incorporating the invention apparatus. However, 
such a four-stage spray rinse would occupy four times as much conveyor space and would consume three and one-third 
times as much electricity as the invention apparatus. 

30 

Example 2 

[0063] Drying of circuit boards was compared using the invention apparatus versus two state-of-the art dryers. 
Comparison results were measured for both high and normal aspect-ratio thru-holes in terms of electricity usage and 
35 conveyor length. 

[0064] The state-of-the-art dryer used as a basis of comparison for hi-aspect ratio thru-holes was a SHD ("small 
hole dryer") built by International Supplies of Parma, Italy. Circuit boards run through this machine were approximately 
0.300 inches thick and 0.61 x 0.71 m (24x28 inches) in width and length with thousands of approx. 3.81 x 10' 4 m 
(approx. 0.015 inch) dia. thru-holes. The dryer used four "push-pull" slotted manifolds run by a turbine blower that forced 

40 pressurized air against one side of the circuit board and suction to the opposing side. The push- pull was alternated so 
that the pressure side alternated up, down, up and then down. Following the forced-air slotted blowers were two heated 
fan blowers that recirculated hot air. When the circuit boards were conveyed through this configuration at 1 
meter/minute, many of the thru-holes were still wet, leading to unwanted stains that were deleterious in subsequent 
processes. A single pair of the apparatuses with the preferred drying embodiment as shown in Figures 6-9 were 

45 installed with a turbine blower feeding each side. The apparatus pair for the drying embodiment was characterized by 
two surfaces with an an errtrance-to-exit length of 0.057 m (2.25"). Three rows, each containing 171 1.09 x 10' 3 m 
(0.043") dia. injectors, were placed in both the upper and lower surfaces at distances from the entrance edge of the 
device of, respectively, 1.27 x 10* 2 m (0.500"), 1.65 x 10 -2 m (0.650", and 2.86 x 10" 2 m (1.125"). The injectors in the 
upper and lower surfaces, respectively, were made by drilling holes through 7.62 x 1 0" 3 m (0.3") and 1 .27 x 10" 2 m (0.5") 

so thick aluminum metal. Center-to-center spacing of the 1 .09 x 10' 3 m (0.043") dia. injector holes within each of the four 
rows was 3.81 x 10" 3 m (0.150"). The injectors in the first, second and third rows in the upper surface were positioned 
so that their vertical projection onto the lower surface was centered between the injectors in the first, second, and third 
rows in the lower surface, respectively. The y-position of the injectors in the second and third rows in each surface was 
offset from the y-position of the injectors in the adjacent first row by 1 .27 x 1 0" 3 m (0.050") and 2.54 x 1 0" 3 m (0.100"). 

55 respectively. An 18 degree beveling of the first 9.52 x 1 0" 3 m (0.375") of the upper and lower surfaces served as a guide 
for the substrates. The injectors in the upper and lower surfaces were drilled at a 15degree angle so that jets issuing 
from them were tilted towards the entrance of the device. The distance, H1 , of the lower surface from the bottom of the 
substrate was 1 .27 x 1 0" 3 m (0.050") and the distance, H2, of the upper surface of the device from the top of the sub- 
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strate was 6.35 x 10" 3 m (0.250"). The drying fluid was air having a viscosity, nu, of 0.1 7 cm**2/sec, and was passed 
through each of the injectors with a velocity V of 9000 cm/sec, giving a Reynolds number, Re, of about 5800. 
[0065] With the invention installed, at 1 meter/min conveyor speed, and with the two heated blowers off, all of the 
thru-holes were dry. 

5 [0066] The state-of-the-art dryer used as a basis of comparison for normal aspect-ratio thru-holes was a TMDM" 
dryer built by Chemcut of State College, Pennsylvania. Circuit boards run through this machine were approximately 
1 .52 x 1 0" 3 m (approximately 0.060 inch) thick and 1 0x1 5 inches in width and length. The dryer used several different 
blowers and manifolds and also used a heated rinse with the intent to allow the water retained on the panel to dry more 
rapidly. When panels were sent through this machine at 2 meters/minute they dried sufficiently, but when they were sent 

w through at 3 meters/minute they still had wet spots. In comparison, the same drying apparatus pair used in the hi-aspect 
ratio tests above dried the panels completely at 3 meters/minute conveyor speed. 

[0067] To qualitatively test the amount of air venting from the entrance of the device vs. from the exit, a strip of paper 
was held vertically immediately before and behind the apparatus. Using this method, it was noted that a strong positive 
flow of air issued from the device entrance, but that a neutral if not slightly negative flow of air was issuing from the 
is device exit In other words, it appeared that air was actually being sucked into the exit side of the device, probably due 
to Bernoulli effects. From these observations, it is clear that the invention produces an exceptionally good counter-cur- 
rent flow of air against the travelling substrate, which is also advantageous to efficient drying. 
[0068] A summary of the drying comparison follows: 

20 



Conveyor length feet 

Electrical Usage Kilowatt 

Low aspect-ratio 



State-of-the art 

4 

10 

Invention Apparatus 

0.5 

4 

High aspect-ratio 



State-of-the art 

5.5 

>15 

Invention Apparatus 

0.5 

4 


[0069] As can be seen, all other things being equal, the invention is very economical in terms of both conveyor 
35 space and electrical usage. The fact that heated air is not needed is also a plus since this reduces the risk of oxidation 
of the copper traces on the circuit boards. 

Example 3 

40 [0070] Cleaning of ceramic substrates was accomplished with the inventive fluid treatment apparatus. The cleaning 
results are compared with those achieved using a prior cleaning system, employing vacuum-air blow cleaning. The prior 
cleaning system consisted of an air knife blower, operated with compressed air supplied at 80psi. The knife is a manifold 
slot 1 .02 x 10" 3 m (0.040 inches) wide angled at 20 degrees toward the adjacent vacuum port. This air knife slot is con- 
tinuous for the width of the substrate, 6.35 x 10~ 3 m (0.250 inches) above the surface to be cleaned. The vacuum port, 

45 connected to a "house vacuum" supply had the port located 1.27 x 10~ 2 m (0.500 inches) away from the air knife and 
6.35 x 10" 3 m (0.250 inches) above the surface. The port extended across the full width of the substrate. 
[0071] The intent of the prior system is to dislodge debris on the substrate surface and simultaneously vacuum it 
away from the area. Such systems are in common use for debris removal applications. 

[0072] The inventive fluid treatment apparatus included six fluid treatment compartments (herein referred to as 
so heads). All heads were identical and supplied with the following fluids: air; water; water; air; air; and air. The last head 
was reversed to provide braking action and the 2 leading standpipes are plugged as described above. The water supply 
was provided by an electric pump rated at 20 psi max for each of the two water heads. These pumps were throttled to 
a flow rate of 1 .32 x 10" 2 m 3 /min (3.5 gallons per minute) and the output water was filtered to 0.2 micrometer after the 
pump, directly prior to the head. The water pressure measured at the head was reduced through the flow system and 
55 injectors to 4 psi. The pump system plumbing was constructed of standard 1 .27 x 1 0" 2 m (1/2 inch) tubing to each head. 
Drainage was provided in each head by a 0.028 x 0.038 m (1.125x 1 .5 inch) hole, the top hole was reduced to a 0.025 
m (1 inch) diameter pipe referred to as the standpipe. This standpipe was 0.152 m (6 inches) long, and the bottom drain 
hole was located so as to allow the drained water to return to the supply tank. The upper half of the head had side drains 
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sized to 6.35 x 10" 3 m (1/4 inch) by 0.025 m (1 inch) long. The supply tanks for water were two cascading tanks, 0.03 
m 3 (8 gallons) each, with the last water head supplied from the fresh water flow tank. The first head drained into the 
second cascading (dirty) tank, and this tank was drained to waste. The cascading tanks were supplied at a flow rate of 
1 .89 x 10* 3 m 3 /min (0.5 gallons per minute) with 1 Smegohm deionized water. 

5 [0073] The air heads were supplied with house compressed air at 80 psi. this supply was reduced to 60 psi and was 
supplied through a manifold system to each of the four air heads. Each head was supplied by a standard 1 .27 x 10' 2 m 
(1/2 inch) tube that was non-constricted to the head system. The tube supply described was for each top and bottom 
half of the heads, i.e.. each head (air and water) had two 1.27 x 10" 2 m (1/2 inch) supplies, 1 ontopandl on the bottom. 
The compressed air supply system also provided the air to the air knife barriers, each barrier supplied by a 3.1 7 x 1 0* 3 

io m (1/8 inch) tube (1 on top, 1 on bottom; on each end of each head, 4 in total). The air input was filtered with a 0.2 
micrometer filter to assure cleanliness. 

[0074] Each head included two rows of guides, each 36mm wide to accomodate 36mm ceramic substrates 1 .52 x 
10' 2 m (0.60 inches) thick. In each row the air barriers and injector holes extended the full width of the row. In each row, 
there were 22 holes evenly spaced across the width, with 1 row for each air barrier and 3 rows, for each injector head, 
15 positioned as described above. The hole diameters were 5.08 x 10' 4 m (0.020 inches) for all. 
[0075] The comparative results of the two systems are as follows. 

REMOVAL EFFECTIVENESS 

20 [0076] 

DEBRIS VAC-BLOW SYSTEM INVENTIVE 

SYSTEM 

25 

Larger than 65% greater than 

95% 7.62 x 10-5 m 0,003 Inch Loose 


30 


Smaller than APPROX 0% greater than 

65% 7.62 x 10-5 m 0.003 Inch Loose 

ADHERED DEBRIS APPROX 0% greater than 
50% 


[0077] As can be seen the removal effectiveness is significantly greater for the inventive apparatus. The debris 
removal is undesirable for the process investigated, and removal of the debris immediately prior to the process is criti- 
cal. The ability to use a cleaning liquid is key to the improved removal rate compared to prior cleaning limitation of gas 
45 (air). The inventive apparatus has allowed for the use of a liquid in cleaning immediately prior to the process where it is 
critical. The features of the apparatus associated with the inventive apparatus have allowed for the implementation of 
the cleaning system where previously gas (air) systems were only available. 


50 


Claims 

1 . A fluid treatment apparatus, comprising: 


at least a first fluid treatment compartment (300) including a first channel through which a substrate is to be 
moved and first means for treating said substrate with a first fluid, and for producing a fluid bearing action on 
55 said substrate, during at least a portion of the time said substrate is in said first channel, 

wherein said first means includes first impingement means for impinging at least a first row of at least two 
spaced-apart fluid jets of said first fluid upon said substrate and for flowing more than half the first fluid asso- 
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dated with said first row of fluid jets in a direction which is substantially opposite to a direction of motion of said 
substrate through said first channel after said first row of fluid jets has been impinged upon said substrate; 

at least a second fluid treatment compartment (500), positioned immediately adjacent said first fluid treatment 
compartment, said second fluid treatment compartment including a second channel, aligned with said first 
channel, through which said substrate is to be moved and second means for treating said substrate with a sec- 
ond fluid and for producing a fluid bearing action on said substrate during at least a portion of the time said sub- 
strate is in said second channel, 

wherein said second means includes second impingement means for impinging at least a second row of at 
least two spaced-apart fluid jets of said second fluid upon said substrate and for flowing more than half the sec- 
ond fluid associated with said second row of fluid jets in a direction which is substantially opposite to a direction 
of motion of said substrate through said second channel after said second row of fluid jets has been impinged 
upon said substrate, and 

intermingling-prevention means for preventing intermingling of said first and second fluids. 

The fluid treatment apparatus of claim 1, wherein said first channel is characterized by an entrance, an exit imme- 
diately adjacent said second channel and a longitudinal axis extending from said entrance to said exit. 

The fluid treatment apparatus of claim 1 or 2, wherein said intermingling-prevention means includes means for pro- 
ducing a third row of at least two spaced-apart fluid jets of a third fluid in sard first channel adjacent said exit. 

The fluid treatment apparatus of any one of the preceding claims, wherein said first fluid treatment compartment 
also includes guiding means for guiding said substrate along a direction which is substantially parallel to said lon- 
gitudinal axis as said substrate is moved from said entrance to said exit. 

The fluid treatment apparatus of claim 4, wherein said guiding means includes two opposed, substantially parallel 
steps in two opposed walls of said first channel, extending from said entrance to said exit. 

A method for fluid treating a substrate, 
comprising the steps of: 

moving a substrate into and through a first channel of a first fluid treatment compartment; 

treating said substrate with a first fluid, while producing a fluid bearing action on said substrate, during at least 
a portion of the time said substrate is in said first channel, 

wherein treating said substrate with said first fluid includes the steps of impinging at least a first row of at least 
two spaced-apart fluid jets of said first fluid upon said substrate and flowing more than half the first fluid asso- 
ciated with said first row of fluid jets in a direction which is substantially opposite to a direction of motion of said 
substrate through said first channel after said first row of fluid jets has been impinged upon said substrate; 

moving said substrate into and through a second channel of a second fluid treatment compartment positioned 
immediately adjacent said first fluid treatment compartment, said second channel being aligned with said first 
channel; 

treating said substrate with a second fluid while producing a fluid bearing action on said substrate during at 
least a portion of the time said substrate is in said second channel, 

wherein said step of treating said substrate with said second fluid includes the steps of impinging at least a sec- 
ond row of at least two spaced-apart fluid jets of said second fluid upon said substrate and flowing more than 
half the second fluid associated with said second row of fluid jets in a direction which is substantially opposite 
to a direction of motion of said substrate through said second channel after said second row of fluid jets has 
been impinged upon said substrate, and 

preventing intermingling of said first and second fluids. 
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7. The method of claim 6, wherein said preventing step includes the step of producing a third row of at least two 
spaced-apart fluid jets of a third fluid in said first channel adjacent an exit of said first channel, which is immediately 
adjacent said second channel. 

8. The method of claim 6, wherein said step of moving said substrate into and through said first channel includes the 
step of guiding said substrate along a direction which is substantially parallel to a longitudinal axis of said first chan- 
nel extending from an entrance to an exit of said first channel. 

PatentansprQche 

1. Fluidbehandlungsvorrichtung mit: 

wenigstens einer ersten Fluidbehandlungskammer (300), die einen ersten Kanal beinhaltet, durch den ein 
Substrat hindurch zu bewegen ist. und ersten Mitteln zum Behandeln des Substrates mit einem ersten Fluid 
und zum Erzeugen einer Fluidlagerwirkung am Substrat wahrend wenigstens eines Teils der Zeit, wahrend der 
sich das Substrat in dem ersten Kanal bef indet, 

wobei die ersten Mittel erste Auftreffmittel beinhalten, urn wenigstens eine erste Reihe von wenigstens zwei 
voneinander beabstandeten Fluidstrahlen des ersten Fluides auf das Substrat auftreffen zu lassen und urn 
mehr als die Halfte des ersten Fluides, das mit der ersten Reihe von Fluidstrahlen verknOpft ist, in einer Rich- 
tung strOmen zu lassen, die im wesentlichen entgegengesetzt zu einer Bewegungsrichtung des Substrates 
durch den ersten Kanal ist, nachdem die erste Reihe von Fluidstrahlen auf das Substrat aufgetroffen ist; 

wenigstens einer zweiten Fluidbehandlungskammer (500), die unmittelbar benachbart zu der ersten Fluidbe- 
handlungskammer positioniert ist, wobei die zweite Fluidbehandlungskammer einen zweiten Kanal beinhaltet, 
der bezuglich des ersten Kanals ausgerichtet ist und durch den das Substrat hindurch zu bewegen ist, und 
zweiten Mitteln zum Behandeln des Substrates mit einem zweiten Fluid und zum Erzeugen einer Fluidlager- 
wirkung am Substrat wahrend wenigstens eines Teils der Zeit, wahrend der sich das Substrat in dem zweiten 
Kanal bef indet, 

wobei die zweiten Mittel zweite Auftreffmittel beinhalten, urn wenigstens eine zweite Reihe von wenigstens 
zwei voneinander beabstandeten Fluidstrahlen des zweiten Fluides auf das Substrat auftreffen zu lassen und 
urn mehr als die Halfte des zweiten Fluides, das mit der zweiten Reihe von Fluidstrahlen verknOpft ist. in einer 
Richtung stromen zu lassen, die im wesentlichen entgegengesetzt zu einer Bewegungsrichtung des Substra- 
tes durch den zweiten Kanal ist, nachdem die zweite Reihe von Fluidstrahlen auf das Substrat aufgetroffen ist 
und 

Vermischungsverhinderungsmitteln zum Verhindern einer Vermischung des ersten und des zweiten Fluides. 

2. Fluidbehandlungsvorrichtung nach Anspruch 1 , wobei der erste Kanal durch einen Eingang, einen Ausgang unmit- 
telbar benachbart zu dem zweiten Kanal und eine Langsachse charakterisiert ist, die sich von dem Eingang zu 
dem Ausgang erstreckt 

3. Fluidbehandlungsvomchtung nach Anspruch 1 oder 2, wobei die Vermischungsverhinderungsmittel Mittel zum 
Erzeugen einer drrtten Reihe von wenigstens zwei voneinander beabstandeten Fluidstrahlen eines dritten Fluides 
in dem ersten Kanal benachbart zu dem Ausgang beinhalten. 

4. Fluidbehandlungsvorrichtung nach irgendeinem der vorhergehenden Anspruche, wobei die erste Fluidbehand- 
lungskammer auBerdem Fuhrungsmittel zum FOhren des Substrates entlang einer Richtung beinhaltet, die im 
wesentlichen parallel zu der Langsachse ist, wenn das Substrat von dem Eingang zu dem Ausgang bewegt wird. 

5. Fluidbehandlungsvorrichtung nach Anspruch 4, wobei die Fuhrungsmittel zwei gegenuberliegende, im wesentli- 
chen parallele Stufen in zwei gegenuberliegenden Wanden des ersten Kanals beinhalten, die sich von dem Ein- 
gang zu dem Ausgang erstreoken. 

6. Verfahren zur Fluidbehandlung eines Substrates, das die Schritte umfaGt: 

Bewegen eines Substrates in einen ersten Kanal einer ersten Ruidbehandlungskammer hinein und durch die- 
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sen hindurch; 


Behandeln des Substrates mit einem ersten Fluid unter Erzeugung einer Huidlagerwirkung am Substrat wah- 
rend wenigstens eines Teils der Zeit, in der sich das Substrat in dem ersten Kanal bef indet, 

wobei das Behandeln des Substrates mit dem ersten Fluid die Schritte des Auftreffens von wenigstens einer 
ersten Reihe von wenigstens zwei voneinander beabstandeten Fluidstrahlen des ersten Fluides auf das Sub- 
strat und des Strdmens von mehr als der Halfte des ersten Fluides, das mit der ersten Reihe von Fluidstrahlen 
verknupft ist. in eine Richtung umfaBt. die im wesentlichen entgegengesetzt zu einer Bewegungsrichtung des 
Substrates durch den ersten Kanal hindurch ist, nachdem die erste Reihe von Fluidstrahlen auf das Substrat 
aufgetroffen ist; 

Bewegen des Substrates in einen zweiten Kanal einer zweiten Fluidbehandlungskammer, die unmittelbar 
benachbart zu der ersten Fluidbehandlungskammer positioniert ist. und durch diesen hindurch, wobei der 
zweite Kanal bezuglich des ersten Kanals ausgerichtet ist; 

Behandeln des Substrates mit einem zweiten Fluid unter Erzeugung einer Fluidlagerwirkung am Substrat wah- 
rend wenigstens eines Teils der Zeit. in der sich das Substrat in dem zweiten Kanal bef indet. 

wobei der Schritt des Behandelns des Substrates mit dem zweiten Fluid die Schritte des Auftreffens von 
wenigstens einer zweiten Reihe von wenigstens zwei voneinander beabstandeten Fluidstrahlen des zweiten 
Fluides auf das Substrat und des StrOmens von mehr als der Halfte des zweiten Fluides. das mit der zweiten 
Reihe von Fluidstrahlen verknupft ist, in eine Richtung umfaGt, die im wesentlichen entgegengesetzt zu einer 
Bewegungsrichtung des Substrates durch den zweiten Kanal hindurch ist, nachdem die zweite Reihe von 
Fluidstrahlen auf das Substrat aufgetroffen ist; und 

Verhindern eines Vermischens des ersten und des zweiten Fluides. 

7. Verfahren nach Anspruch 6. wobei der Schritt des Verhinderns den Schritt des Erzeugens einer dritten Reihe von 
wenigstens zwei voneinander beabstandeten Fluidstrahlen eines dritten Fluides in dem ersten Kanal benachbart 
zu einem Ausgang des ersten Kanals umfaGt, der dem zweiten Kanal unmittelbar benachbart ist. 

8. Verfahren nach Anspruch 6. wobei der Schritt des Bewegens des Substrates in den ersten Kanal hinein und durch 
diesen hindurch den Schritt des Fuhrens des Substrates entlang einer Richtung umfaBt, die im wesentlichen par- 
allel zu einer Langsachse des ersten Kanals ist, die sich von einem Eingang zu einem Ausgang des ersten Kanals 
erstreckt. 


Revendicatlons 


1 . Appareil de traitement par flutde, comprenant : 


au moins un premier compartment de traitement par f luide (300) comprenant un premier canal a travers lequel 
un substrat doit etre deplace et un premier moyen destine a traiter ledit substrat avec un premier f luide et des- 
tine a produire un effet de pression par f luide sur ledit substrat, pendant au moins une partie du temps pendant 
lequel ledit substrat se trouve dans ledit premier canal ; 

dans lequel ledit premier moyen comprend un premier moyen d'injection destine a injecter au moins une pre- 
miere rangee d'au moins deux jets de f luide espac6s dudit premier fluide sur ledit substrat et destin6 a laisser 
s'ecouler plus de la motoe du premier fluide associe a ladite premiere rangee de jets de fluide dans une direc- 
tion qui est sensiWement opposed a la direction de deplacement dudit substrat a travers ledit premier canal 
apres que ladite premiere rangee de jets de fluide ait ete injectee sur ledit substrat ; 

au moins un deuxieme compartiment de traitement par fluide (500), situe immediatement adjacent audit pre- 
mier compartment de traitement par fluide, ledit deuxieme compartment de traitement par fluide comprenant 
un deuxieme canal, aligne avec ledit premier canal, a travers lequel ledit substrat doit etre deplace et un 
deuxieme moyen destine a traiter ledit substrat avec un deuxieme fluide et destine a produire un effet de pres- 
sion par fluide sur ledit substrat, pendant au moins une partie du temps pendant lequel ledit substrat se trouve 
dans ledit deuxieme canal, 
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dans lequel ledrt deuxieme moyen comprend un deuxieme moyen d'injection destine a injecter au moins une 
deuxieme rangee d'au moins deux jets de f luide espaces dudit deuxieme fluide sur ledrt substrat et destine a 
iaisser s'ecouler plus de la mortie du deuxieme fluide associe a ladrte deuxieme rangee de jets de ftuide dans 
une direction qui est sensibJement opposee a une direction de deplacement dudit substrat a travers (edit 
5 deuxieme canal apres que ladite deuxieme rangee de jets de fluide ait ete injectee sur (edit substrat et 

un moyen d'empechement de melange destine a empecher le melange desdits premier et deuxieme f luides. 

2. Apparei) de traitement par fluide selon la revendication 1, dans lequel (edit premier canal est characterise par une 
10 entree, une sortie immediatement adjacente audit deuxieme canal et un axe longitudinal s'etendant de ladite 

entree a ladite sortie. 

3. Appareil de traitement par fluide selon la revendication 1 ou 2, dans lequel ledrt moyen d'empechement de melange 
comprend un moyen destine a produire une troisieme rangee d'au moins deux jets de fluide espaces d'un troisieme 

15 fluide dans I edit premier canal adjacent a ladite sortie. 

4. Appareil de traitement par fluide selon Tune quelconque des revendications precederrtes, dans lequel ledit premier 
compartiment de traitement par fluide comprend egalement un moyen de guidage destin6 a guider ledit substrat 
suivant une direction qui est sensiblement parallele audit axe longitudinal a mesure que ledit substrat est deplace 

20 de ladite entree a ladite sortie. 

5. Appareil de traitement par fluide selon la revendication 4, dans lequel ledit moyen de guidage comprend deux eta- 
ges opposes et sensiblement parallel es dans deux parois opposees dudit premier canal, s'etendant de ladite 
entree a ladite sortie. 

25 

6. Proced§ destine a un traitement par fluide d'un substrat, comprenant les etapes consistant a : 

deplacer un substrat dans et a travers un premier canal d'un premier compartiment de traitement par fluide ; 

30 traiter ledit substrat avec un premier fluide, tout en produisant un effet de pression par fluide sur ledit substrat, 

pendant au moins une partie du temps pendant lequel ledit substrat se trouve dans ledit premier canal, 

dans lequel le traitement dudit premier substrat avec ledit premier fluide comprend les etapes consistant a 
injecter au moins une premiere rangee d'au moins deux jets de fluide espaces dudit premier fluide sur ledit 
35 substrat et Iaisser s'ecouler plus de la mortie du premier fluide associe a ladite premiere rangee de jets de 

fluide dans une direction qui est sensiblement opposee a la direction de deplacement dudit substrat a travers 
ledit premier canal apres que ladite premiere rangee de jets de fluide ait ete injectee sur ledit substrat ; 

deplacer ledit substrat dans et a travers un deuxieme canal d'un deuxieme compartment de traitement par 
40 fluide situe immediatement adjacent audit premier compartiment de traitement par fluide, ledit deuxieme canal 

etant align 6 avec ledit premier canal ; 

traiter ledrt substrat avec un deuxieme fluide tout en produisant un effet de pression par fluide sur ledit substrat, 
pendant au moins une partie du temps pendant lequel ledit substrat se trouve dans ledit deuxieme canal ; 

45 

dans lequel ladite etape consistant a traiter ledit substrat avec ledit deuxieme fluide comprend les etapes con- 
sistant a injecter au moins une deuxieme rangee cTau moins deux jets de fluide espaces dudit deuxieme fluide 
sur ledit substrat et Iaisser s'ecouler plus de la moitie du deuxieme fluide associe a ladite deuxieme rangee de 
jets de fluide dans une direction qui est sensiblement opposee a la direction de deplacement dudit substrat a 
so travers ledit deuxieme canal apres que ladite deuxieme rangee de jets de fluide ait ete injectee sur ledit subs- 

trat ; et 

empecher un melange desdits premier et deuxieme f luides. 

55 7. Precede selon la revendication 6, dans lequel ladite etape d'empechement comprend I'etape consistant a produire 
une troisieme rangee d'au moins deux jets de fluide espaces d'un troisieme fluide dans ledit premier canal adjacent 
a une sortie dudit premier canal, qui est immediatement adjacente audit deuxieme canal. 
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8. Procede selon la revendication 6, dans lequel ladite 
etape consistant a deplacer ledit substral dans et a 
travers ledit premier canal comprend I'etape consis- 
tant a guider ledit substrat suivant une direction qui 
est sensiblement parallele a un axe longitudinal 
dudit premier canal s'etendant d'une entree a une 
sortie dudit premier canal. 
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